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.2012.03.0Abstract Self-similar solutions are obtained for unsteady, one-dimensional isothermal ﬂow behind
a shock wave in a rotational axisymmetric non-ideal gas in the presence of an azimuthal magnetic
ﬁeld. The shock wave is driven out by a piston moving with time according to power law. The ﬂuid
velocities and the azimuthal magnetic ﬁeld in the ambient medium are assumed to be varying and
obeying a power law. The density of the ambient medium is assumed to be constant. The gas is
assumed to be non-ideal having inﬁnite electrical conductivity and the angular velocity of the ambi-
ent medium is assumed to be decreasing as the distance from the axis increases. It is expected that
such an angular velocity may occur in the atmospheres of rotating planets and stars. The effects of
the non-idealness of the gas and the Alfven-Mach number on the ﬂow-ﬁeld are obtained. It is shown
that the presence of azimuthal magnetic ﬁeld and the rotation of the medium has decaying effect on
the shock wave. Also, a comparison is made between rotating and non-rotating cases.
 2012 Ain Shams University. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
The experimental studies and astrophysical observations show
that the outer atmosphere of the planets rotates due to rotation
of the planets. Macroscopic motion with supersonic speed oc-yahoo.in.
Shams University.
g by Elsevier
y. Production and hosting by Elsev
09curs in an interplanetary atmosphere and shock waves are gen-
erated. Thus the rotation of planets or stars signiﬁcantly
affects the process taking place in their outer layers. Therefore
question connected with the explosions in rotating gas atmo-
spheres are of deﬁnite astrophysical interest. Shock waves of-
ten arise in nature because of a balance between wave
breaking non-linear and wave damping dissipative forces [1].
Chaturani [2] studied the propagation of cylindrical shock
wave through a gas having solid body rotation, and obtained
the solutions by a similarity method adopted by Sakurai [3].
Nath et al. [4] obtained the similarity solutions for the ﬂow be-
hind the spherical shock waves propagating in a non-uniform
rotating interplanetary atmosphere with increasing energy.ier B.V. All rights reserved.
394 G. NathGanguly and Jana [5] studied a theoretical model of propaga-
tion of strong spherical shock waves in a self-gravitatingFigure 1 Distribution of the reduced ﬂow variables in the region beh
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ium. The assumption that the gas is ideal is no longer valid
when the ﬂow takes place at high temperature. In recent years,
several studied have been performed concerning the problem
of shock waves in non-ideal gases, in particular, by Anisimov
and Spiner [6], Ranga Rao and Purohit [7], Madhumita andFig 1. (conSharma [8], Arora and Sharma [9], Ojha and Tiwari [10],
Vishwakarma and Nath [11–15], Singh et al. [16] and Pandey
and Sharma [17] among others. Anisimov and Spiner [6] have
taken an equation of state for non-ideal gases in a simpliﬁed
form, and investigated the effect of the parameter for non-
idealness on the problem of a strong point explosion, whichtinued)
396 G. Nathdescribe the behavior of the medium satisfactorily at low
densities. Vishwakarma and Nath [12] obtained the similarity
solution for the propagation of a strong shock wave in a mix-
ture of a non-ideal gas and small solid particles driven out by a
piston moving according to power law, in both the cases when
the ﬂow behind the shock was isothermal or adiabatic. Ranga
Rao and Purohit [7] have analyzed the self-similar ﬂows of a
non-ideal gas driven by an expanding gas. Wu and Roberts
[18] and Roberts and Wu [19] discuss the shock wave theory
of sonoluminescence by taking a similar equation of state of
the medium. Vishwakarma et al. [20] obtained the similarity
solution for self-similar adiabatic ﬂow headed by a magneto-
gasdynamic cylindrical shock wave in a rotating non-ideal
gas. Nath [21] studied the propagation of magnetogasdynam-
ics shock wave generated by a moving piston in a rotational
axisymmetric isothermal ﬂow of perfect gas with variable
density.
In aerodynamics the analogy between the steady hypersonic
ﬂow past slender blunted (planar or axisymmetric) power-law
bodies and the one-dimensional unsteady self-similar ﬂow be-
hind a shock driven out by a piston moving with time accord-
ing to a power-law is well known (see, for example, Grigoryan
[22], Kochina and Melnikova [23], Wang [24], Helliwell [25],
Sedov [26], Rosenau and Frankenthal [27], Nath [21,28], Vish-
wakarma and Nath [12,13,15]).
Since at high temperatures that prevail in the problems
associated with the shock waves a gas is ionized, electromag-
netic effects may also be signiﬁcant. A complete analysis of
such a problem should therefore consist of the study of
the gas-dynamic ﬂow and the electromagnetic ﬁelds
simultaneously.
In the present work, we obtain the self-similar solutions
for the ﬂow behind the magnetogasdynamic cylindrical shock
wave generated by a moving piston in a rotational axisym-
metric isothermal ﬂow of a non-ideal gas, which has a vari-
able azimuthal ﬂuid velocity together with a variable axial
ﬂuid velocity [29,21,30]. The ﬂuid velocities, the azimuthal
magnetic ﬁeld in the ambient medium are assumed to vary
and obey the power laws. Also, the angular velocity of rota-
tion of the ambient medium is assumed to be obeying a
power law and to be decreasing as the distance from the axis
increases. It is expected that such an angular velocity may oc-
cur in the atmospheres of rotating planets and stars. The
assumption of isothermal ﬂow is physically realistic, when
radiation heat transfer effects are implicitly present. As the
shock propagates, the temperature behind it increases and
becomes very large so that there is intense transfer of energy
by radiation. This causes the temperature gradient to
approach zero, that is the dependent temperature tends to be-
comes uniform behind the shock front and the ﬂow becomes
isothermal as describe by Sedov [26], Gretler and Regenfelder
[31], Korobeinikov [32], Laumbach and Probstein [33],
Sachdev and Ashraf [34], Zhuravskaya and Levin [35], Nath
[21,28,30]. A detailed mathematical theory of one-dimen-
sional isothermal blast waves in a magnetic ﬁeld was devel-
oped by Lerche [36,37]. With the assumption, of zero
temperature gradient we therefore extended the problem
taken by Nath [21,28] by taking the rotating medium and
non-ideal gas, and obtained the similarity solutions for the
ﬂow-ﬁeld between the shock and piston, in Section 3. Effects
of viscosity and gravitation are not taken into account.2. Equations of motion and boundary conditions
The fundamental equations for one-dimensional, unsteady iso-
thermal axisymmetric rotational ﬂow of an electrically con-
ducting non-ideal gas in which an azimuthal magnetic ﬁeld is
permeated and heat conduction and viscous stress are negligi-
ble, are (c.f. Whitham [38], Laumbach and Probstein [33],
Sachdev and Ashraf [34], Zhuravskaya and Levin [35], Levin
and Skopina [29], Nath [21,28,30], Vishwakarma and Nath
[11,12,39])
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where r is the distance from the axis of symmetry and t is the
time; u, v, and w are the radial, azimuthal and axial compo-
nents of the ﬂuid velocity ~q in the cylindrical coordinates
(r, h, z); q, p, h and T are the density, the pressure, the azi-
muthal magnetic ﬁeld and the temperature; l is the magnetic
permeability.
Also
v ¼ Ar; ð2:7Þ
where ‘A’ is the angular velocity of the medium at radial dis-
tance r from the axis of symmetry. In this case the vorticity
vector
~1¼1
2
Curl~q has the components 1r¼0; 1h¼
1
2
@w
@r
; 1z¼
1
2r
@
@r
ðrvÞ:
ð2:8Þ
The electrical conductivity of the gas is assumed to be inﬁ-
nite. Therefore the diffusion term from the magnetic ﬁeld
equation is omitted, and the electrical resistivity is ignored.
Also, the effect of viscosity on the ﬂow of the gas is assumed
to be negligible.
The above system of equations should be supplemented
with an equation of state. To discover how deviations from
the ideal gas can affect the solutions, we adopt a simple model.
We assume that the gas obey a simpliﬁed van der Waal equa-
tion of state of the form [18,19,17]
p ¼ CTðm bÞ ; e ¼ CvT ¼
pðm bÞ
ðc 1Þ ; ð2:9Þ
where C is the gas constant, m ¼ 1q is the speciﬁc volume,
Cv ¼ Cðc1Þ is the speciﬁc heat at constant volume and c is the ratio
of the speciﬁc heats. The constant b is the van derWaal excluded
volume; it places a limit, qmax ¼ 1b, on the density of the gas.
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outwards from the axis of symmetry in the undisturbed non-
ideal gas with constant density in the presence of an azimuthal
magnetic ﬁeld, which has zero radial velocity, a variable azi-
muthal and axial velocity.
The ﬂow variables immediately ahead of the shock front are
ua ¼ 0; ð2:10Þ
q ¼ qa ¼ constant; ð2:11Þ
v ¼ va ¼ Brks ; ð2:12Þ
w ¼ wa ¼ Kras ; ð2:13Þ
h ¼ ha ¼ Drms ; ð2:14Þ
where rs is the shock radius and the subscript ‘a’ denotes the
conditions immediately ahead of the shock; k, a, m, B, K
and D are constants.
Therefore, from (2.2)
pa ¼
lD2ð1mÞ
2m
r2ms 
B2qa
2k
r2ks ; k–0; m–0; ð2:15Þ
where the undisturbed pressure upon the axes of symmetry
pa(0) is taken to be zero, since for pa(0) > 0 the ﬂow would
not be self-similar. For t= 0 on the axis of symmetry, the laws
of the piston expansion (3.1) and the stationary distribution of
azimuthal velocity (2.12), axial velocity (2.13), azimuthal mag-
netic ﬁeld (2.14) and pressure (2.15) grow inﬁnitely larger as ‘r’
increases. With constant initial density and other distributions
of azimuthal velocity, axial velocity, azimuthal magnetic ﬁeld
and pressure (pa „ 0, t= 0), the ﬂow arising with any law of
the piston expansion, would not be self-similar.
Ahead of the shock, the components of the vorticity vector,
therefore vary as
1ra ¼ 0; ð2:16Þ
1ha ¼ 
aK
2
ra1s ; ð2:17Þ
1za ¼
ð1þ kÞB
2
rk1s : ð2:18Þ
From Eqs. (2.7) and (2.12), we ﬁnd that the initial angular
velocity varies as
Aa ¼ Brk1s ; ð2:19Þ
It decreases as the distance from the axis increases, if k < 1.
The jump conditions at the magnetogasdynamic shock
wave are
qaV ¼ qnðV unÞ;
haV ¼ hnðV unÞ;
pa þ
1
2
lh2a þ qaV2 ¼ pn þ
1
2
lh2n þ qnðV unÞ2;
ea þ paqa
þ 1
2
V2 þ lh
2
a
qa
 Fa
qaV
¼ en þ pnqn
þ 1
2
ðV unÞ2 þ lh
2
n
qn
 Fn
qaV
va ¼ vn;
wa ¼ wn;
ð2:20Þ
where the subscript ‘n’ denotes the conditions immediately be-
hind the shock front, and V ¼ drs
dt
 
denotes the velocity of the
shock front and ‘F’ is the radiation heat ﬂux.From Eqs. (2.20), we obtain
un ¼ ð1 bÞV;
qn ¼
qa
b
;
pn ¼ ð1 bÞ þ
1
cM2
þM
2
A
2
1 1
b2
  
qaV
2;
vn ¼ va;
wn ¼ wa;
hn ¼ hab ;
ð2:21Þ
where M ¼ qaV2cpa
 	1
2
is the shock-Mach number referred to the
frozen speed of sound cpaqa
 	1
2
and MA ¼ qaV2lh2a
 	1
2
is the Alfven–
Mach number.
The quantity b(0 < b< 1) is obtained by the relation
b3  b2 2ðcþ 1ÞM2 þ
2bþ cð1þM2A Þ  1
ðcþ 1Þ
 
þ b ð
bþ c 2Þ
ðcþ 1Þ
 
M2A þ
bM2A
cþ 1
¼ 0; ð2:22Þ
where (Fn  Fa) is neglected in comparison with the product of
pn and V [33,11,12,39,21,28,30] and b ¼ qab.
Eq. (2.6) together with Eq. (2.9) give
p
pn
¼ qð1 bqnÞ
qnð1 bqÞ
: ð2:23Þ
Following Levin and Skopina [29] and Nath [21,30], we ob-
tain the jump conditions for the components of vorticity vector
across the shock front as
1hn ¼
1ha
b
; ð2:24Þ
1zn ¼
1za
b
: ð2:25Þ
The total energy E of the ﬂow-ﬁeld behind the shock is not
constant, but assumed to be time dependent and vary as
[40,41,42]
E ¼ Eats; sP 0; ð2:26Þ
where Ea and ‘s’ are constants. The positive values of ‘s’ corre-
spond to the class in which the total energy increases with time.
This increase can be achieved by the pressure exerted on the
ﬂuid by the inner expanding surface (a contact surface or a pis-
ton). This surface may be physically, the surface of the stellar
corona or the condensed explosives or the diaphragm contain-
ing a very high-pressure driver gas. By sudden expansion of the
stellar corona or the detonation products or the driver gas into
the ambient gas, a shock wave is produced in the ambient gas.
The shocked gas is separated from this expanding surface
which is a contact discontinuity. This contact surface acts as
a ‘piston’ for the shock wave. Thus the ﬂow is headed by a
shock front and has an expanding surface as an inner bound-
ary. The situation vary much of the same kind may prevail in
the formation of cylindrical spark channel from exploding
wires. In addition, in the usual cases of spark break down, time
dependent energy input is a more realistic assumption than
instantaneous energy input [43,44].
Table 1 Variation of the density ratio b ¼ qaqn
 	
across the
shock front and the position of the piston surface gp for
different values of M2A and b with c= 1.4; n ¼  14.
M2A b b Position of the piston gp
Rotating case Non-rotating case
0.0 0 0.166667 0.8644473 0.906516
0.05 0.208333 0.8326081 0.884315
0.1 0.250000 0.795875 0.861536
0.005 0 0.182274 0.795174 0.851018
0.05 0.220139 0.771245 0.834608
0.1 0.259672 0.74406 0.816375
0.01 0 0.196866 0.755502 0.821063
0.05 0.231842 0.731682 0.806456
0.1 0.269493 0.703855 0.789905
398 G. Nath3. Self-similarity transformations
The inner boundary of the ﬂow-ﬁeld behind the shock is as-
sumed to be an expanding piston. In frame work of self-simi-
larity [26] the velocity up ¼ drpdt of the piston is assumed to obey
a power law which results in [12,13,21,28]
up ¼ drp
dt
¼ U0 t
t0
 n
; ð3:1Þ
where rp is the radius of the piston and t0 denotes the time at a
reference state, U0 is the piston velocity at t= t0 and n is a
constant. The consideration of the ambient pressure pa, ambi-
ent magnetic ﬁeld ha, ambient angular velocity Aa and axial
component of ﬂuid velocity imposes a restriction on ‘n’ as
 1
2
< n < 0 (see Eqs. 3.5, 3.6, and 3.11). The piston velocity
jumps, almost instantaneously, from zero to inﬁnity leading
to the formation of a shock of high strength in the initial
phase. Concerning the shock boundary conditions self-similar-
ity requires that the velocity of the shock V ¼ drs
dt
is propor-
tional to the velocity of the piston:
V ¼ drs
dt
¼ CU0 t
t0
 n
; ð3:2Þ
where ‘C’ is a dimensionless constant. Using Eqs. (3.2), the
time and space coordinate can be changed into a dimensionless
self-similarity variable g as
g ¼ r
rs
¼ ðnþ 1Þt
n
0
CU0
 
r
tnþ1
 	
: ð3:3Þ
Evidently, g ¼ gp ¼ rprs at the piston and g= 1 at the shock. To
obtained the similarity solutions, we write the unknown vari-
ables in the following form [12,21,28]
u ¼ r
t
UðgÞ; v ¼ r
t
/ðgÞ; w ¼ r
t
WðgÞ;
p ¼ r
2
t2
qaPðgÞ; q ¼ qagðgÞ;
ﬃﬃﬃ
l
p
h ¼ q12a r
t
HðgÞ; ð3:4Þ
where U, /, W, P, g and H are functions of g only.
For the existence of similarity solutions ‘M’ andMA should
be constants, therefore
k ¼ m ¼ n
nþ 1 : ð3:5ÞThus
M2 ¼
2nqa
n
nþ1
 	 2n
nþ1ð Þ
c½qaðnþ 1ÞB2  lD2ð2nþ 1Þ
CU0
tn0
  2
nþ1ð Þ
¼ 2nlD
2M2A
½qaðnþ 1ÞB2  lD2ð2nþ 1Þc
; ð3:6Þ
where  1
2
< n < 0. Eq. (3.6) shows that the solutions of the
present problem can be reduced to the case in which the ambi-
ent medium is non-rotating (i.e. the case in which B= 0 and
K= 0).
Also, the total energy of the non-ideal gas is given by
E ¼ 2p
Z rs
rp
q
2
ðu2 þ v2 þ w2Þ þ pð1 bqÞðc 1Þ þ
lh2
2
 
rdr ¼ Eats:
ð3:7Þ
Applying the similarity transformations (3.4) in the relation
(3.7), we obtain
Eat
s
2pJ
¼
CU0
tn
0
 	 2
nþ1ð Þ
qa
ðnþ 1Þ 2nþ1
r
2 2nþ1nþ1ð Þ
s ; ð3:8Þ
where
J ¼ JðgÞ
¼
Z 1
gp
Pð1 bgÞ
ðc 1Þ þ
1
2
gðU2 þ /2 þW2Þ þH
2
2
 
g3dg: ð3:9Þ
From Eq. (3.3), we get
rs ¼ CU0ðnþ 1Þtn0
 
tnþ1: ð3:10Þ
On comparing Eqs. (3.10) and (3.8), we get
s ¼ 2ð1mÞ
mþ 1 ¼ 2ð2nþ 1Þ; ð3:11Þ
where 0 < m< 1.
Eq. (2.23) with the aid of Eqs. (3.4) and (2.21) yields a rela-
tion between P and g in the form
PðgÞ ¼ LgðgÞ
g2ð1 gðgÞbÞ ; ð3:12Þ
where L ¼ ð1 bÞ þ 1
cM2
þ M2A
2
1 1
b2
 	h i
ðnþ 1Þ2ðb bÞ.
By use of Eqs. (3.4) and (3.12), Eqs. (2.1)–(2.5) can be
transformed and simpliﬁed to
½U ðnþ 1Þ dg
dg
þ g dU
dg
þ 2gU
g
¼ 0; ð3:13Þ
½U ðnþ 1Þ dU
dg
þH
g
dH
dg
þ Lð1 gbÞ2gg2
dg
dg
þUðU 1Þ
g
þ 2H
2
gg
 /
2
g
¼ 0; ð3:14Þ
½U ðnþ 1Þ d/
dg
þ ð2U 1Þ/
g
¼ 0; ð3:15Þ
½U ðnþ 1Þ dW
dg
þ ðU 1ÞW
g
¼ 0; ð3:16Þ
½U ðnþ 1Þ dH
dg
þHdU
dg
þ ð2U 1ÞH
g
¼ 0: ð3:17Þ
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dg
dg
¼  g½U ðnþ 1Þ
dU
dg
þ 2U
g
 
; ð3:18Þ
dH
dg
¼  H½U ðnþ 1Þ
dU
dg
þ 2U 1
g
 
; ð3:19Þ
d/
dg
¼  /ð2U 1Þ½U ðnþ 1Þg ; ð3:20Þ
dW
dg
¼  WðU 1Þ
g½U ðnþ 1Þ ; ð3:21ÞdU
dg
¼ H
2g2ð2U 1Þð1 gbÞ2 þ 2LgU g2ð1 gbÞ2½U ðnþ 1ÞfUðU 1Þgþ 2H2  g/2g
g½fU ðnþ 1Þg2ð1 gbÞ2gg2 H2g2ð1 gbÞ2  Lg : ð3:22ÞApplying the similarity transformations on Eqs. (2.8), we
obtained the non-dimensional components of the vorticity vec-
tor lr ¼ 1rV=rs ; lh ¼
1h
V=rs
; lz ¼ 1zV=rs in the ﬂow-ﬁled behind the shock
as
lr ¼ 0; ð3:23Þ
lh ¼ nW
2ðnþ 1Þ½U ðnþ 1Þ ; ð3:24Þ
lz ¼  ð2nþ 1Þ/
2ðnþ 1Þ½U ðnþ 1Þ : ð3:25Þ
Using the self-similarity transformations (3.4), the shock
conditions (2.21) transform into
Uð1Þ ¼ ð1 bÞðnþ 1Þ;
gð1Þ ¼ 1
b
; Pð1Þ ¼ ð1 bÞ þ 1
cM2
þM
2
A
2
1 1
b2
  
ðnþ 1Þ2;
/ð1Þ ¼ B½nþ 1 1nþ1ð Þ t
n
0
U0C
  1
nþ1ð Þ
;Wð1Þ ¼ K½nþ 1 1nþ1ð Þ t
n
0
U0C
  1
nþ1ð Þ
;
Hð1Þ ¼ ðnþ 1Þ
bMA
; ð3:26Þ
where it was necessary to used k ¼ a. The piston path coincides
at gp ¼ rprs with a particle path. Using Eqs. (3.1) and (3.4), the
relation
UðgpÞ ¼ ðnþ 1Þ; ð3:27Þ
can be derived. In addition to shock conditions (3.26), the
kinematic condition (3.27) at the piston surface must be
satisﬁed.
Normalizing the variables u, v, w, p, q and h with their
respective values at the shock, we obtain
u
un
¼ UðgÞ
Uð1Þ g;
v
vn
¼ /ðgÞ
/ð1Þ g;
w
wn
¼ WðgÞ
Wð1Þ g;
p
pn
¼ PðgÞ
Pð1Þ g
2;
q
qn
¼ gðgÞ
gð1Þ ;
h
hn
¼ HðgÞ
Hð1Þ g: ð3:28Þ4. Results and discussion
The distributions of the ﬂow variables in the ﬂow-ﬁeld behind
the shock front are obtained by the numerical integration of
the Eqs. (3.18)–(3.22) with the boundary conditions (3.26) and
(3.27) by the Runge–Kutta method of fourth order. The expres-
sion for the shock Mach number ‘M’ in the rotating case is
M2 ¼  2nð2nþ 1Þc
lD2
lD2  ðnþ1ÞqaBð2nþ1Þ
" #
M2A; ð4:1Þ
and in the non-rotating case,B ¼ 0;M2 ¼ 2nð2nþ 1ÞcM
2
A: ð4:2Þ
For the purpose of numerical integration, the values of the
constant parameters are taken to be [27,20,11,12,21,28,19]
c= 1.4; n ¼  1
4
; M2A ¼ 0:0; 0:005; 0:01; and b ¼ 0; 0:05; 0:01.
The value b ¼ 0 corresponds to the perfect gas case and the va-
lue M2A ¼ 0 corresponds to the non-magnetic case.
Values of the density ratio b ¼ qaqn
 	
across the shock front
and the piston position gp are tabulated in Table 1 for different
values of M2A and b with c= 1.4; n ¼  14 in both the rotating
and non-rotating cases. Also, Table 1 shows that the distance
of the piston from the shock front is less in the case of non-
rotating medium in comparison with that in the case of rotat-
ing medium. Physically it means that the gas behind the shock
is less compressed in rotating medium, i.e. the shock strength
decreases due to rotation of the medium.
Figs. 1a–g and 2 show the variation of the ﬂow variables
u
un
; v
vn
; w
wn
; p
pn
; qqn, the non-dimensional azimuthal component
of vorticity vector lh, the non-dimensional axial component
of vorticity vector lz and
h
hn
with g at various values of the
parameters M2A and b for c= 1.4; n ¼  14. In Figs. 1 a, d,
and e and 2 the dotted curves represents the solutions obtained
by Nath [28] in the case of non-rotating medium.
Fig. 1a shows that the reduced radial component of ﬂuid
velocity u
un
increases as we move from the shock front to the
piston, when the medium is non-rotating; whereas it decreases
when the medium is rotating in general, i.e. the reduced radial
component of ﬂuid velocity is highly inﬂuenced by the rotating
medium.
Figs. 1b–g and 2 show that the reduced axial component of
ﬂuid velocity w
wn
, the reduced azimuthal magnetic ﬁeld h
hn
, the
non-dimensional axial component of vorticity vector lz, and
the non-dimensional azimuthal component of vorticity vector
lh increases from the shock front to the piston; whereas the re-
duced density qqn
, the reduced pressure p
pn
, and the reduced azi-
muthal component of ﬂuid velocity v
vn
decreases.
The piston position gp at which U= (n+ 1), is obtained
after the numerical integration of Eqs. (3.18)–(3.22) with the
boundary conditions (3.26) and is tabulated in Table 1 for dif-
ferent values of M2A and b. The piston position gp is related
Figure 2 Distribution of reduced azimuthal magnetic ﬁeld h
hn
in
the region behind the shock front. A. M2A ¼ 0:005; b ¼ 0; B.
M2A ¼ 0:005; b ¼ 0:05; C. M2A ¼ 0:005; b ¼ 0:1; D. M2A ¼
0:01; b ¼ 0; E. M2A ¼ 0:01; b ¼ 0:05; F. M2A ¼ 0:01; b ¼ 0:1.
400 G. Nathwith the velocity ratio of shock and piston, from Eqs. 3.1, 3.2,
and 3.3, as follows
gp ¼
1
C
¼ V
up
 1
: ð4:3Þ
From Table 1 and Figs. 1a–g and 2, it is found that the effects
of an increase in the value ofM2A (i.e. the effects of an increase
in the strength of ambient magnetic ﬁeld) are:
(i) to decrease gp, i.e. to increase the distance of the piston
from the shock front. Physically it means that the gas
behind the shock front is less compressed, i.e. the shock
strength is decreased (see Table 1);
(ii) to increase the value of b (i.e. to decrease the shock
strength), which is same as given in (i) above (see
Table 1);
(iii) to decrease the ﬂow variables uun ;
w
wn
; hhn, lh, lz and
to increase the ﬂow variable v
vn
(see Figs. 1a–c, f, and g
and 2);
(iv) to decrease the ﬂow variables ppn
and qqn
(see Fig. 1d and
e), in general but the effect is less impressive in the rotat-
ing case.
Thus the presence of magnetic ﬁeld and the rotating med-
ium has decaying effect on the shock wave.
Effects of an increase in the value of the parameter of non-
idealness b of the gas are:
(i) to increase the value of b (i.e. to decrease the shock
strength, see Table 1);(ii) to increase the distance of the piston from the shock
front, i.e. the ﬂow-ﬁeld behind the shock become some-
what rareﬁed. This shows the same result as given in (i)
above, i.e. there is a decrease in the shock strength (see
Table 1);
(iii) to decrease the ﬂow variables wwn, lz, lh and
h
hn
, and to
increase the ﬂow variable v
vn
(see Figs. 1b, c, f, and g
and 2);
(iv) to increase the ﬂow variables uun ;
p
pn
and qqn
in general (see
Fig. 1a, d, and e).
The present self-similar model may be used to describe
some of the overall features of a ‘‘driven’’ shock wave pro-
duced by a ﬂare energy release ‘E’ (c.f. Eq. (2.26)) that is time
dependent. The energy ‘E’ increases with time and the solu-
tions then correspond to a blast wave produced by intense,
prolonged ﬂare activity in a rotating star when the wave is dri-
ven by fresh erupting plasma for some time and its energy
tends to increase as it propagates from the star into a cold
atmosphere.Acknowledgement
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